UNCLASSIFIED 


AD  NUMBER 


AD801219 


NEW  LIMITATION  CHANGE 
TO 

Approved  for  public  release,  distribution 
unlimited 


FROM 

Distribution  authorized  to  U.S.  Gov't, 
agencies  and  their  contractors; 
Administrative/Operational  Use;  AUG  1950. 
Other  requests  shall  be  referred  to 
Ballistic  Research  Labs . ,  Aberdeen  Proving 
Ground,  Md.  21005. 


AUTHORITY 


AMSRL-CS-IO— SC  [380]  ltr,  1  Nov  2001 


THIS  PAGE  IS  UNCLASSIFIED 


UNCLASSIFIED 


BALLISTIC  RESEARCH  LABORATORIES 


REPORT  NO.  734 


August,  I9SO 


RESPONSE  OF  AIR  BLAST  GAUGES  OF  VARIOUS  SHAPES 
AS  A  FUNCTION  OF  PRESSURE  LEVEE 


Spence  T.  Marks 


Project  No.  TB3-0112J  of  the  Research 
and  Development  Division,  Ordnance  Corps 


ABERDEEN  PROVING  GROUND,  MARYLAND 


OSO  7SrO 

BALLISTIC  RESEARCH  LABORATORIES 


REPORT  NO.  ?34 


(OX 


Aug«BE*  t§5 


RESPONSE  OF  AIR  BLAST  GAUGES  OF  VARIOUS  SHAPES 
AS  A  FUNCTION  OF  PRESSURE  LEVEL^ 


dXX  Spence  T.  Marks 


Of)' g/?L-  731/ 


@  Off#- 

-  PrejieotmMtM  TB3-0112J} 


of  -the  — »ak 


rsinaB.ofl^Gogfia 


ABERDEEN  PROVING  GROUND,  MARYLAND 


TABLE  OF  CONTENTS 

£56® 


Abstract  -  --  --  --  --  3> 

Introduction  --------  -  6 

Experimental  Procedure  ------  -  7 

Experimental  Results  -  --  --  --  12 

Interpretation  of  Experimental  Results  -  -  -  18 

Calculation  of  Prinoipal  Errors  -----  20 

Interpretation  of  Calculated  Prinoipal  Error  Results  -  22 

Acknowledgments  -  --  --  --  -  24 


2 

RESTRICTED 


RESTRICTED 


BALLISTIC  RESEARCH  LABORATORIES 
REPORT  SO.  754 


S.  T.  jfarks/snj 

Aberdeen  Proving  Ground,  lid. 


X 


RESPONSE  OF  AIR  BLAST  GAUGES  OF  VARIOUS  SHAPES 
AS  A  FUNCTION  OF  PRESSURE  LEVEL 

ABSTRACT 


The  nonlinear  pressure  response  of  tourmaline  air-blast 
gauges  of  various  shapes  has  been  investigated  by  comparing 
peak  pressures  reoorded  by  the  gauges,  based  upon  the  extra¬ 
polated  values  of  the  effeotive  dynamic  calibrations  at  sero 
peak  pressure,  with  absolute  pressures  obtained  frost  velocity 
measurements  of  shook- front  propagation.  A  similar  comparison 
has  been  made  based  upon  the  statlo  calibrations.  8r**ll, 
charges  were  employed  inj 


v?>e  principal  errors  involved  have  been  calculated 
theoretical  oonsiderations  at  peak  pressures  of  14  an 
and  the  totals  of  these  errors  ooapared  with  the  over-all 
aotually  reoorded. 
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INTRO  DU  CTIC® 


One  of  the  specifications  for  an  air-blast  gauge  is  that  its 
response  should  be  as  linear  as  possible  over  the  range  of  peak 
pressures  for  whioh  it  is  designed. 

The  shook  tube  provides  a  method  for  air-blast  gauge  calibration 
which  essentially  duplicates  field  conditions,  and  tests  run  in  shock 
tubes  up  to  5  inches  in  diameter  have  shorn  that  a  progressive  reduc¬ 
tion  in  the  response  of  air-blast  gauges  occurs  as  peak  pressures  are 
increased  from  3  to  15  lb/in2.  Moreover,  discrepancies  between  statio 
and  shook  tube  calibrations  have  been  observed, ®  the  latter  being 
in  reasonable  agreement  with  the  dynamic  calibrations  obtained  in  tbs 
field  when  large  oharges  are  employed. 

This  reduced  response  in  the  shook  tube  has  been  attributed  to 
a  "flow  effect,"  that  is,  a  reduction  of  the  average  hydrostatio  pres¬ 
sure  effective  on  the  sensitive  element  of  the  gange  due  to  its  finite 
sise  when  mounted  edge-on  to  the  flow.3  This  is  essentially  a  Bernoulli 
effect;  consequently,  it  is  believed  that  this  error  on  be  reduoed  by 
equipping  air-blast  gauges  with  baffles  whi oh  are  designed  to  reduoe 
the  perturbation  of  the  flow  behind  the  shock  front  to  a  minimum. 

A 

A  "gauge-size  error"  is  also  introduced  in  field  work,  being  a 
function  of  the  relationship  between  the  diameter  of  the  sensitive 
element  of  the  gauge  and  the  shook  duration.  The  shook  duration  varies 
with  the  oharge  weight  and  with  the  distance  from  the  charge.  For  a 
given  shock  duration,  the  smaller  the  diameter  of  the  gauge  element, 
the  less  the  error.  Unfortunately,  sensitivity  requirements  make  the 
use  of  small  diameter  tourmaline  elements  impractical  at  low  peak 
pressure  levels. 

In  addition,  what  may  be  termed  "high  frequency  amplifier  response 
error"  is  present  in  field  work.  The  magnitude  of  this  error  is  a 
function  of  the  frequency  at  which  the  response  of  the  amplifier  is  dome 
to  70  pC*  GrJll  t  of  its  midband  response  for  the  attenuator  setting  being 

"Final  Report  on  the  Shod:  Tube,"  J.  C.  Fletcher,  W.  T.  Read,  R.  G.  Stoner, 
and  D.  K.  Weimer,  HDRC  A-356,  OSKD-6521,  1946. 

2"Characteri8tics  of  Air  Blast  Gauges,  lit  Response  as  a  Function  of 
Pressure*  Level,"  C.W.  hit  and  W.D.  Kminedy,  HDRC,  Div.  2,  ASS-1 lo, 

OSPDt.  5271o,  1945. 

^Characteristics  of  Air  Blast  Gauges:  Response  as  a  Funotion  of 
Pro  a  sure  Level,"  A.  B.  Arons,  C.  Ta.i  h ,  G.  K.  Fraenkel,  and  I.  M.  Dome, 

JTDRC,  Div-.  2,  ABS-Ba,  0SRD-4876a,  1945. 

^"Dcsijn  end  Use  of  Piezoelectric  Gauges  for  Measuring  Large  Translmst 
Pressures,"  A.B;  Arons  and  R.H.  Cole,  Review  of  Scientific  Instruments,  Jan.  1950. 
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PIG.  1.  EXPERIMENTAL  TEST  SETUP. 

V, ,  V, :  Velocity  Gauges.  B:  BRL  Gauges 
R,  R  Pancake  Gauges.  P,.  Pencil  Gauge 


used,  and  the  frequencies  that  are  reoorded  by  the  gauge.  Obviously, 
employing  an  amplifier  whose  response  Is  linear  to  a  very  high 
frequency  cill  reduoe  this  error. 

in  effort  was  made  to  eraluate  these  errors  by  testing  air-blast 
gauges  in  a  6- in oh  shook  tube,  however,  equipping  air-blast  gauges 
with  baffles  increases  their  over-all  dimensions  to  suoh  an  extent 
that  their  responses  cannot  be  determined  aoourately  in  a  shook  tube 
of  this  site,  sinoe  correction  factors  to  compensate  for  the  large 
diameters  o'  the  gauges  are  not  available.  Moreover,  the  peak  pres¬ 
sures  that  oan  be  covered  with  this  shook  tube  is  limited  to  the 
range  from  3  to  16  lb/in  . 

It  was  therefore  necessary  to  resort  to  field  tests  in  order  to 
obtain  air-blast  gauge  response  data  needed  in  oozmeotlon  with  the 
development  of  air-blast  gauges  that  are  relatively  free  from  flow 
effects  up  to  Kaoh  1  (peak  pressure  of  57  lb/in4';. 


EXPERIMENTAL  PROCEDURE 

The  experimental  procedure  consisted  of  firing  one-eighth  t  land 
bare  spherloal  pentolite  charges  at  %  seriss  of  predetermined  distances 
from  the  group  of  air-blast  gauges  being  tested,  these  distances  having 
been  selected  from  the  Pressure  Versus  Soaled  Distance  graph  so  as  to 
produce  the  desired  series  of  peak  pressures  at  the  gangs  positions 
(Figures  1  and  t) .  It  was  assumed  that  the  shook  waves  produced  ware 
spherloal  at  the  gauge  positions.  A  prerequisite  for  firing  was  that 
the  resistances  of  the  oabies  and  gauges  had  to  be  500  megohms  or  more. 

The  group  of  air-blast  gauges  being  tested  were  equipped  aith  a 
variety  of  baffles,  two  BEL  gauges,  two  experimental  pancake-shaped 
gauges,  and  an  experimental  pencil-shaped  gauge  having  been  inoluded 
in  the  teat  setup  (Figure  3). 

Both  the  charge  and  the  gauges  were  supported  at  a  height  of 
five  feet  above  level  ground,  this  elevation  having  been  selected  as 
being  high  enough  to  prevent  ground  reflections  from  affeotlng  the 
recorded  traoe  and  at  the  same  time  low  enough  to  permit  neoessary 
adjustments  of  the  gauge  positions*  The  distances  from  the  charge  to 
the  gauge  positions  were  measured  with  a  steel  soale  to  0*01  inch, 
and  in  order  to  avoid  additional  calculations  all  blast  gauger  ware 
mads  equally  distant  from  tf  ?  *harge  by  adjusting  their  positions 
before  eaoh  charge  was  fired. 

Two  pairs  of  Soohslls  Salt  velooiigr  gauges  ware  also  included 
in  the  test  setup,  one  gauge  of  each  pair  wring  plaoed  one  foot  closer 
to  the  charge  than  the  group  of  air-blast  gauges  while  the  other 
gauge  of  e%oh  pa. -  fas  plaoed  ®e  foot  farther  away  from  the  charge 
than  the  blast  gauges. 


9te  outputs  of  the  group  of  air-blest  gauges  were  fed  into  an 
oscilloscope  tank  and  the  defleotions  reoorded  ;a  35am  film  mo  ring 
at  approximately  20  ft/seo.  A  series  of  calibration  steps  mere  also 
impressed  upon  this  film  before  eaoh  charge  was  fired. 

fixe  arrival  times  of  the  shock-front  at  the  velocity  gauges  were 
reoorded  simultaneously  on  3 Sen  film  moving  at  40  ft/seo  in  the  fo.m 
of  pipe  cn  a  10  he  avtooth  traoe  supplied  by  a  crystal  oontrolled 
oscillator.  A  harmonic  of  the  oscillator  was  oheoked  against  r*dio 
station  IF?  before  eaoh  group  of  oharges  was  fired  end  adjustments 
made,  if  necessary,  to  insure  timing  accuracy. 

She  atmospheric  pressure  was  reoordad  with  a  calibrated  and 
tearoerature  compensated  aneroid  barometer  located  at  the  firing  site 
and  placed  at  the  same  height  as  the  group  of  air-blast  gauges  being 
tested. 


She  velocity  of  sound  was  obtained  by  recording  the  temperature 
of  the  air  at  the  firing  site  with  a  calibrated  thermometer,  making 
relative  humidity  measurements  with  a  sling  psyohrometer  sad  employing 
the  relation1 


C  =  1008 


1  *  0.149 


■ahers  C  is  the  velocity  of  sound  in  air  ahead  of  the  shock, 

t  is  the  air  temperature  (Centigrade), 

P^  is  the  partial  pressure  of  iter  vapor  in  air,  and 

P  is  the  partial  pressure  of  the  air. 

& 


Wind  effects  were  held  to  a  minimum  by  restricting  firing  to  calm 
days  or  to  days  when  a  alight  cross  wind  prevailed. 


The  peak  pressures  were  obtained  from  the  shook1- front  velocity 
measurements  by  the  application  to  air  of  the  Rankin e- Hu goniot  ideal  gas 
relation 

P  2  r  tr 

—  * -  (—5 - 1)  . 

Po  ^+1  Co 

where  P  is  the  peak  pressure, 

PB  is  the  atmospherio  pressure  ahead  of  the  Bhook, 
tr  is  the  velocity  of  shock- front  propagation, 

C  is  the  velocity  of  sound  in  air  ahead  of  the  shock,  and 
is  1.40  (ratio  of  spooifio  heats  for  air). 


Over  the  peak  pressure  range  covered  by  this  report,  the  results 
obtained  from  this  equation  are  in  close  agreement  with  the  calcula¬ 
tions  of  Brinkley,  Kirkwood,  and  Richardson.- 
— — _ — - 

"Pinal  Report  on  the  Shook  fiibec*  J.  C.  Fletcher,  W.  T.  Read, 

R.  G.  Stoner,  and  D.  K.  Weiaer,  IDRC  A-356,  OSRD-6321,  1948. 

^Tables  of  the  Properties  of  Air  along  the  Hugoniot  Curve  and  the  Adia- 
batica  Terminating  in  the  Hugoniot  Curve,"  S.R.  Brinkley,  Jr.,  J.G.  Kirlcwoci, 
and  J.M,  Richardson,  NDRC,  0SHD-3550,  1944. 
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The  distances  from  the  charge  at  whioh  these  peak  pressures  apply 
(Ps  *.V1  lb/in2)  were  calculated  from  the  approximate  relation1 

where  is  the  distance  from  the  charge  at  which  the  average  shook 
velocity  measured  over  interval  Ar  is  equal  to  the  instan¬ 
taneous  shook  velocity, 

R  is  the  distance  from  the  charge  of  the  mid-point  of  the 
velocity  interval, 

n  is  tho  exponent  in  the  distanoe-deoay  law  when  approximated 
by  a  power  function,  and 

hr  ia  the  length  of  the  velocity  measurement  interval. 

The  distances  from  the  charge  at  which  these  pwak  pressures  apply 
(P.  *.17  lb/in2)  were  calculated  from  the  relation* 


(^)2 «" 


1  [- 


from  the  relation2 

-2  2  -  n 

-  +  ( - ) 

2  3 


Z\] 


where  R,  R  ,  n,  and  A  r  are  the  same  as  above, 
v  m 

6k 

K  is  equal  to  , 

0 

A  is  equal  to  — >  and 


r  is  the  distance  from  the  o enter  of  the  charge  to  the  canter 
of  the  gauge  element. 

The  peak  pressures  at  the  air-blast  gauge  positions  were  than 
calculated  from  the  relation 


~ -  -  (-—*)  , 

P2  rl 

where  P^  is  the  peak  pressure  at  the  position  where  the  average  shook 
velocity  ovei  interval  dr  is  equal  to  the  instantaneous 

shock  velocity, 

Pg  is  the  peak  pressure  at  the  gauge  position, 
r^  is  the  disttnoe  from  the  center  of  tho  charge  to  the  posi¬ 
tion  where  the  average  shook  volooity  over  interval  Ar  is 
equal  to  the  instantaneous  shook  velocity, 
is  the  distance  from  the  canter  of  the  charge  to  the  o  an  ter 
of  the  air-blast  gauge  element,  and 
u  is  the  exponent  in  the  distance  decay  law  wh«o  approximated 
by  a  power  funotion. 

— , — — — - 

"Apparatus  for  Measurement  of  Air  Blast  by  He&ns  of  Piesoelectri: 
Gauges,"  G.  K.  Fvucul'ol,  Ih.RC  A- 37 3,  OSRD-6251,  1946. 


gauge  responses  were  then  calculated, 

S  *o  °. 

K 

2 

whers  KA.  is  the  effeotire  dynamic  gauge  response  (u^Coul/lb/in ), 
d  is  the  deflection  resulting  flrasi  P  ,  ' 

V"  is  the  peek  pressure  at  the  gauge  foaiticn, 

1*  is  the  calibration  voltage, 

d°  is  the  defection  resulting  from  I  ,  and 

©°  is  the  standard  oapaoiteno*  (/*■/*?)  • 


KPSHWffllAL  BB8ULT8 

In  Figures  4  to  8  are  plotted  the  effective  dynamic  KA' a  a*  a 
function  of  peak  pressure  level  for  the  gauges  and  the  amplifiers 
included  in  the  tests  (for  shook  durations  produced  by  one- eighth 
pound  spherical  pentolite  charges). 

BH.  gauges  $-83  and  $-66  are  round  unbaffled  gauges  of  identioal 
construction  and  dimensions  (Figure  8),  consisting  of  a  four-crystal 
stack,  made  of  one  and  three-quarter  inoh  diameter  tourmaline  discs 
oemented  to  a  steel  housing,  end  sensitive  on  one  side  only.  The 
ratio  of  the  diameter  to  thickness  of  these  gauges  Is  approximately 
3*1. 


The  effective  dynamic 
employing  the  relation1 


U 


these  gauges  showed  approximately  linear  reductions  in  response 
between  peak  pressures  of  5  and  16  lb/in.  Above  this  pressure  level, 
the  reductions  in  their  responses  began  to  level  off,  and  the  response 
of  gauge  $>63  increased  above  2G  lb/in2  peak  pressure.  Both  of  these 
gauges  recorded  erratioally  above  the  30  lb/in2  peek  pressure  level. 


Pancake  gauges  Nos.  1  and  2  are  round  baffled  gauges  of  similar 
oanatruotion  and  dimensions  exoept  for  their  edge  shape.  No.  1  having 
a  pointed  «.  <e  and  No.  &  having  a  rounded  edge  (Figure  3).  The  sensi¬ 
tive  elements  of  these  gau*_  -a  consists  of  two  two-orystal  staoks  made 
of  one- in oh  diameter  tourmaline  disos  soldered  to  opposite  sides  of  a 
central  brass  tad,  which  is  an  integral  part  of  the  brass  baffle, 
these  gauges  are  sensitive  on  both  sides.  The  ratio  of  the  diameter 
of  the  baffle  to  the  thiokcess  of  these  gauges  is  10rl,  a  ratio  vhioh, 
in  conjunction  with  the  edge  shape  of  gauge*No.  1,  should  hold  the  flow 
effeot  error  to  a  maxi  sons  of  6  per  oent  up  to  liaoh  0.8  (peak  pressure 
of  36  lb/in2),  aooording  to  the  predictions  of  la o Don aid  and  Behalf. 


- r~ - ; - 

"Design  and  Use  -of  Tourmaline  Gauge  a  for  Plesoelectrio  Measurement  of 
Air  Blast,"  A.  B.  Arons  and  G.  W.  Tbit,  NDRC  A-572,  0SED-6260,  1G46. 

the  Batij|atlon  of  the  Perturbations  due  to  Flow  Around  Blast  Gauges,1 
J.  5.  L.  IhoDanald  and  S.  A.  Sohaaf,  AMP  Note  22,  AMG-HTU  136,  1945, 
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Hie  reductions  in  the  responses  of  the  panoake  saugeo  wore  approxi¬ 
mately  linear  between  peak  pressures  of  5  and  15  lb/in2.  Above  this 
pressure  level,  the  reductions  in  their  responses  began  to  level  off, 
and  the  response  of  panoake  gauge  No.  1  increased  above  50  lb/in2  peak 
pressure.  Both  panoake  gauges  were  considerably  leas  subject  to  reduc¬ 
tions  in  response  than  the  BHL  gauges,  panoake  gauge  No.  2  (rounded  edge) 
being  superior  to  panoake  gauge  No.  1  (pointed  edge)  in  this  respeot. 
Moreover,  the  recordings  of  the  panoake  gauges  were  somsahat  less  scat¬ 
tered  than  those  of  the  BHL  gauges. 

Hie  penoil  gauge  is  an  air-blast  gauge  of  new  design,*  shaped  like 
a  penoil,  with  two  six-orystal  stacks  made  of  one-half  inoh  diameter 
tourmaline  discs  inserted  into  openings  on  opposite  sides  of  the  penoil 
at  its  mid  point  (Figure  3).  Hie  ratio  of  (he  length  of  the  per  oil 
gauge  to  its  thiokneso  is  approximately  20il,  which  should  hold  the 
flow  effect  error  to  4  per  oent  up  to  Maoh  0.8,  assuming  that  the  pre¬ 
dictions  of  llaoDonald  and  3ohaaf  apply.2 

Hie  reductions  in  the  responses  of  the  penoil  gauge  were  linear 
between  peak  pressures  of  5  end  40  lb/in2,  being  slightly  less  than 
those  of  the  panoake  gauges  snd  considerably  less  than  those  of  the 
BKL  gauges.  Moreover,  the  responses  of  the  pencil  gauge  were  muoh 
more  uniform  above  peak  pressures  of  30  lb/in^  than  were  those  of  the 
panoake  and  BHL  gauges  (figures  4  to  8). 

In  Figures  9  and  10,  the  percentage  errors  in  effective  gauge 
KA' s  as  a  function  of  peak  pressure  for  all  three  types  of  air-blast 
gauges  are  presented.  The  calculations  of  Figure  9  are  baaed  upon 
the  extrapolated  values  of  the  effeotive  dynamic  KA's  at  sero  peak 
pressure,  while  those  of  Figure  10  are  baaed  upon  the  conventional 
static  calibrations. 

An  additional  comparison  of  these  percentage  errors  for  the 
respective  air-blast  gauges  is  given  in  Tfcbles  I  and  H. 


Table  I 


Errors  in  Effective  Gauge  Response  Versus  Peak  Preseure 


Gauge 

5  lb 

10  lb 

15  lb 

20  lb 

30  lb 

40  lb 

Penoil 

2.5* 

5.0* 

8.3* 

11.2* 

17.0* 

22.4* 

Panoake  2 

3.7* 

7.7* 

11.1* 

15.4* 

is. e* 

22.0* 

Panoake  1 

5.4* 

11.1* 

15.2* 

18.7* 

22.8* 

18.1* 

BHL  £-66 

8.8* 

15.1* 

21.2* 

26.0* 

34.4* 

JT.6* 

BHL  £-63 

7.5* 

17.5* 

25.0* 

30.6* 

32.0* 

24.0* 

Note*  Extrapolated  effeotive  dynamic  EA  used  as  the  refaranoe  point. 

"A  PA  ail -Shaped  Piezoelectric  Air  Blast  Gauge,"  J.  W.  Hanna, 

BHL  Technical  Bote  No.  27  5,  L950. 

2  "Oh*  the  Estimation  of  the  Perturbations  due  to  Flow  Around  Blast 
Gauges,  "  J.K.L.  MacDonald  and  S.A.  Sohaaf,  AMP  Note  22,  AMJ-HTU  136,  1945. 
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Table  II 


I rror*  in  Sffeotive  Gauge  Response  Versus  Peek  Pressure 


(taug* 

6  lb 

10  lb 

15  lb 

20  lb 

30  lb 

40  lb 

Panoil 

12.8* 

16.2% 

18.0* 

21.2* 

27.0* 

31  *  8* 

Panoakw  2 

2.9* 

6.9% 

10.4* 

13.4* 

17.9* 

21.3* 

Pancake  1 

19.5% 

24.4 % 

27.8* 

30.4* 

34.3* 

30.3* 

BHL  *-66 

1.0% 

7.6% 

14.0* 

19.2* 

28.2* 

34.2* 

BHL  T-63 

7.2% 

15.6% 

23.8* 

29.9* 

31.2* 

19.5* 

Hotet  Stetlo  KA  used  as  the  reference  point* 


INTERPRETATION  OF  E3PERIMEHTAL  RESULTS 

Figures  4  to  8  reveal  the  discrepancies  which  exist  between  the 
•tatio  and  the  effective  dynamic  gauge  calibrations  when  the  latter 
are  extrapolated  to  tero  peak  pressure.  Some  of  the  response  curves 
extrapolate  to  points  above  the  static  calibration,  while  others 
extrapolate  to  points  considerably  below  the  static  calibration. 

It  night  possibly  be  thought  that  these  discrepancies  reflect 
the  inaccuraoy  of  the  velocity  measurements  at  low  peak  pressures* 
However,  it  should  be  noted  that  the  data  were  obtained  by  recording  all 
five  gauges  on  the  same  film,  and  similar  results  were  obtained  from 
individual  runs  at  low  peak  pressures. 

These  discrepancies  are  further  emphasized  in  Figures  9  and  10, 
the  response  curves  showing  a  good  relation  to  the  reference  point 
in  Figure  9  and  a  poor  relation  in  Figure  10. 

It  would  therefore  appear  that  the  discrepancies  which  e-i'.st 
between  the  static  and  the  extrapolated  effective  dynamic  gaug-3 
calibrations  are  of  such  a  nature  as  to  make  the  use  of  the  latter 
preferable. 

It  should  be  understood  that  the  effective  dynamic  KA' s  are  not 
absolute  values.  However,  an  improvement  in  these  KA* s  represents 
an  improvement  in  the  recording  characteristics  of  the  gauges. 

The  response  curves  of  Figure  9  would  indicate  that,  while  the 
pancake  gauges  represent  a  substantial  improvement  over  the  BKL  gauges 
from  the  standpoint  of  freedom  from  response  errors,  the  penoil  gauge 
is  slightly  superior  between  peek  pressures  of  5  and  40  lb/in  . 

The  pencil  gauge  is  also  superior  from  the  standpoint  of  linearity 
of  reductions  in  response  with  increasing  peak  pressure  level,  the  reduo 
tiona  in  the  responses  of  this  gauge  being  linear  between  5  and  40  lb/in 
peak  pressure. 
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From  the  standpoint  of  uniformity  of  response,  the  pancake 
gauges  are  somewhat  of  an  improvement  over  the  BHL  gauges;  however, 
the  penoil  gauge  is  decidedly  superior  to  both  of  the  other  types 
tested  in  this  respect,  being  subject  to  considerably  less  soatter 
above  peak  pressures  of  25  lb/ia'i  (Figures  4  to  8) . 

It  is  logical  to  assume  that  gauges  of  the  same  physical  divi¬ 
sions  containing  the  same  site  sensitive  elements  should  be  subject 
to  the  seme  over-all  response  errors.  Figure  3  shows  that  the  response 
curves  of  the  two  BHL  gauges  are  in  geperal  agreement  with  this  hypoth¬ 
esis  up  to  peak  pressures  of  25  lb/in  ,-  but  that  above  this  pressure 
level  disagreement  exists,  with  BHL  gauge  T-63  showing  an  increase  of 
response  above  25  lb/in2  peak  pressure,  while  BHL  gauge  *-68  shows  a 
continued  reduction. 

iiie  response  curves  of  the  pancake  gauges  (Figure  9)  are  alao  in 
general  agreement  with  this  hypothesis  up  to  30  lb/in  peak  press  i:*e, 
disagreement  existing  above  this  pressure  level.  Bie  causes  of  these 
effects  are  not  known  at  this  time. 

Pancake  gauge  No.  2  (rounded  edge)  appears  to  be  somewhat  less 
subject  to  reductions  in  response  than  pancake  gauge  No.  1  (pointed 
edge),  but  in  view  of  the  BHL  gauge  response  curves  it  is  not  certain 
that  the  edge  shape  makes  a  significant  difference. 

It  should  also  be  noted  that  the  data  on  the  pencil  gauge  were 
taken  using  both  8-  sod  12- in oh  nose  sections  and  that  no  disoernible 
difference  in  the  response  of  the  gauge  occurred,  lhe  ratio  of  the 
length  of  the  pencil  to  its  thickness  is  20*1  using  the  8-indh  nose, 
and  30*1  using  the  12-inch  nose.  Obviously,  there  is  no  advantage 
in  using  the  longer  nose  section,  and  it  may  be  that  a  nose  section 
somewhat  shorter  than  the  8- inch  length  oould  be  used  without  affecting 
the  response  of  the  gauge  materially. 

lhe  question  arises  as  tc  sdiether  the  differences  between  the 
response  curves  of  Figure  9  jould  be  attributed  to  the  differmaoes 
in  the  degree  to  which  the  respective  air-blast  gauges  are  subject 
to  flow  effect. 

One  of  the  principal  errcrs  involved,  in  addition  to  that  due 
to  flow  effects,  is  the  "gauge-sixe  error."  lhis  error  can  be 
expected  to  be  large  when  small  oharges  are  used,  since  the  shook 
*  durations  are  greatly  reduced.  Beoause  of  the  differences  in  the 
diameters  of  the  sensitive  elements  employed  in  these  gauges,  this 
error  will  be  least  in  the  oase  of  the  penoil  gauge,  somewhat  more 
for  the  panoake  gauges,  and  greatest  in  the  oase  of  the  BHL  gauges. 

Ihus  the  "gauge-sise  error*  should  have  the  effect  of  spreading  the 
response  curves  of  Figure  9  apart. 

The  other  prinoipal  error  involved,  in  addition  to  that  due  to 
flow  effeot,  is  the  "high  frequency  amplifier  response  error."  mis 
error,  while  probably  not  large,  will  be  greatest  for  the  pmioil 
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gauge,  somewhat  less  for  the  panoake  gauges,  and  least  for  the  BHL 
gauges*  Thus  this  error  should  hare  the  effect  of  moving  the  response 
ourres  of  Figure  9  oloser  together  and  counteracting  the  effect  of  the 
"gauge-sise  error"  to  same  extent. 

Ae  possibility  of  one  other  major  souroe  of  error  should  be 
mentioned.  Tourmaline  is  subject  to  what  is  known  as  a  "pyroeleotrio 
effect."  This  refers  to  a  volume  polarisation  caused  by  distortion 
the  crystal  lattice  when  the  geometrical  shape  of  the  crystal  is 
changed  by  uniform  heating.  A  change  of  1°C  has  the  same  effect  as 
a  pressure  of  200  lb/in,  the  effeots  being  of  opposite  sign. 

This  effeot  can  be  avoided  by  insulating  the  sensitive  elements 
of  air-blast  gauges  against  the  temperature  rise  in  blast  waves,  and 
this  has  been  done  in  the  oase  of  the  gauges  inoluded  in  these  tests. 
While  the  type  and  thic  ness  of  the  insulating  ooatings  varies  with 
the  respeotive  gauges,  it  is  believed  to  be  sufficient  in  all  cases 
to  eliminate  this  effeot  as  a  souroe  of  error. 

It  must  therefore  be  oonoluded  that  the  differences  in  the 
response  curves  of  Figure  9,  while  representing  the  "over-all"  dif¬ 
ferences  in  the  responses  of  the  respeotive  air-blast  gauges,  do  not 
represent  the  flow  effect  differences  alone.  This  would  be  true  only 
if  all  of  the  gauges  oont&ined  the  same  diameter  sensitive  elements, 
had  identical  insulation,  and  were  equipped  with  baffles  of  the 
dimensions. 


CALCULATION  OF  PRINCIPAL  ERRORS 


Since  flow  effeot  data  were  unobtainable  from  the  response  curves 
of  Figure  9,  it  was  believed  that  it  would  be  of  interest  to  calculate 
the  values  of  the  principal  errors  involved  from  tbeoretioal  considera¬ 
tions  and  then  compare  the  totals  of  these  calculated  errors  with  the 
average  over-all  errors  recorded,  based  on  both  the  extrapolated  effec¬ 
tive  dynamic  calibrations  and  the  statio  calibrations.  Thus,  it  oould 
be  determined  whether  flow  effect  data  alight  be  obtained  indireotly. 
Accordingly,  this  has  been  done  for  two  runs,  one  at  13.86  lbs  peak 
pressure  and  the  other  at  28.86  lbs  peak  pressure. 


The  "flow  effeot  errors"  were  calculated  using  the  relation 
alloyed  by  Sohaafl 

S  =  .„:?!?  .  .  c 

p  I77T 


where 


S“ 


the  percentage  flow  effeot  error. 


If  is  the  Maoh  number  behind  the  shook -front,  and 

o  **  mo«n  pressure  ooefficient  over  the  gauge  surface. 

(Lie  application  of  this  equation  to  a  pencil  shape  is  a  doubtful  procedure) 
-  > 

"Blast  tows  sure*  and  Momenta  from  Some  Largo  Bombs,"  E.  B.  Wilson,  Jr. 
end  W*  D.  Kennedy,  ?»DRC#  0 S t\D~ 30 1-/43* 

2"Ertiaation  of  Perturbations  due  to  Flow  around  Blast  Gauges  with 
Spheroidal  Shapes,"  S.  A.  SchaaT,  A1E-NTU  144,  1946, 
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The  peak  pressures  at  the  blast-gauge  positions,  a-  obtained 
from  the  two-point  velocity  Measurements,  ware  then  reduoed  by  the 
"flow  effect  error"  percentages  in  order  to  obtain  the  peak  pressures 
aoting  upon  the  respective  blast- gauge  sensitive  elements. 

I ext  the  "gauge-size  errors"  were  calculated  using  the  relation^ 


where  a  is  the  radius  of  the  sensitive  element, 

e  is  the  velooity  of  shock-front  propagation,  and 
0  is  the  Initial  decay  time  of  the  traoe. 

(This  relation  applies  when  the  ratio  of  half  the  gauge- crossing  time 
to  the  initial  decay  time  of  the  recorded  traoe  is  less  than  l/6). 

The  "high  frequency  amplifier  response  errors"  were  than  calcu¬ 
lated  from  the  relation' 

A  =  In  £l  ♦  (1  -  €.  '  )  /<xj  , 

where  A  is  the  fractional  error  recorded  by  the  amplifier, 

/S  is  equal  to  X/@, 

X  equals  BC  equals  1/2  TTf 

R  is  the  time  constant  of°the  input  circuit, 
f°  is  the  frequency  at  which  the  aaqplifier  response  is  d<nm  to 
0  70  per  cent  of  its  mid-band  response, 

0  is  the  initial  deoay  time, 

€  is  the  constant  2.71828 
OL  is  rf 0,  and 
Y  is  the  gauge  crossing  time. 

The  peak  pressures  effective  upon  the  respective  blast-gauge 
ocnaitive  elements  were  then  reduoed  by  the  suss  of  the  "gauge-size 
error"  and  the  "high  frequenoy  as^)lifier  response  error*  percentages 
so  as  to  obtain  the  peak  pressures  which  the  reapective  blast-gauges 
should  have  recorded. 

The  percentage  differences  between  the  peak  pressures  at  the 
blast-gauge  positions,  as  determined  by  the  two-point  velocity  method, 
and  the  peak  pressures  whioh  the  respective  blast-gauges  snould  have 
recorded  were  then  calculated. 

The  results  of  these  calculations  are  presented  in  Table  III, 
along  with  the  average  over-all  errors  aotually  reoorded,  based  upon 
both  the  extrapolated  effective  dynamio  calibrations  and  the  static 
calibrations. 


V"t 

’  "Design  an^C**- of  Piezoelectric  Gauges  for  Measuring  Large 
Transient  Prclsuros,  A.  B.  Arons  and  R.  H.  Cole,  Review  of  Scientific 
Instruments,  January,  1950. 
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Table  III 


Caloulated  Principal  Errors  v«rsus  Over -all  Errors  Actually  Recorded 

13c 86  lb/in2  jMaoh  *448) 


Type 

of 

Gauge 

Flow 
Effect 
Error a 

Gauge- 

Size 

Errors 

Preq. 
Response 
Error  a 

Toted 

Calc. 

Errors 

Over-all 
Errors 
Dyn,  Cal. 

Over- all 
Errors 
Stat.  Cal 

Pencil 

1,# 

4.0* 

2.2* 

7.9* 

7.8* 

17.6* 

Pancake  1 

2.6* 

7.5* 

1.4* 

11.2* 

12.3* 

26.8* 

Pancake  2 

2.6* 

7.8* 

1.6* 

11.6* 

11.0* 

10.0* 

BEL  T-63 

7.2* 

12.4* 

1.1* 

19.6* 

23.0* 

22.0* 

BHL  T-66 

7.2 * 

13.3* 

1.3* 

21.6* 

20.0* 

13.0* 

28.86  lb/in2  (Mach  .723) 

Pencil 

4.2* 

6.9* 

3,7* 

14.8* 

15.8* 

26.0* 

Pancake  1 

8.4* 

11.7* 

2.9* 

21.5* 

20.8* 

33.0* 

Pancake  2 

8.4* 

- 

- 

- 

- 

- 

BRL  1V63 

23.8* 

15.8* 

1,5* 

36.9* 

32.6* 

31.8* 

BHL  T-66 

?3.8* 

15.2* 

1.6* 

36.5* 

33.1* 

27.1* 

IH TEHFHETA.TIQN  OF  CALCULATED  PRINCIPAL  ERROR  RESULTS 

At  the  13.8  lb/in  peak  pressure  level,  the  totals  of  the  princi¬ 
pal  errors,  as  calculated,  tore  in  reasonably  good  agreement  with  the 
ovrr-all  errors  actually  recorded,  as  based  upon  the  extrapolated 
effective  dynamic  calibrations,  but.  are  not  in  good  agreement  with 
the  errors  actually  recorded  when  based  upon  the  static  calibrations. 

The  totals  of  the  calculated  principal  errors  and  the  over-all 
errors  actually  recorded  at  28.8  lb/in^  peak  pressure,  when  based 
upon  the  extrapolated  effective  dynamic  calibrations,  also  oaspare 
favorably,  although  the  totals  of  the  calculated  errors  are  sligntly 
in  excess  of  the  errors  actually  recorded  in  several  instanoes. 

Again,  the  agreement  with  the  over-all  errors  actually  recorded,  e.a 
based  upon  the  statio  calibrations,  is  not  good. 
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'fte  fact  that  the  totals  of  the  calculated  principal  errors  are 
in  good  agreement  with  tho  over-all  errors  actually  reoorded,  when 
based  upon  the  extrapolated  effective  dynamic  calibrations,  indicates 
that  the  residual  errors  are  m^ali  at  these  *ero  peak  pressure  posi¬ 
tions.  Of  course,  this  has  not  been  proven. 

These  results  also  indioate  that  the  respective  error  calcula¬ 
tions  have  some  validity.  On  this  basis,  it  would  appear  that  the  , 
■flow  effeot  errors"  rsnge  from  about  1  to  8  per  oeat  at  the  13.8  lb/in2 
peak  pressure  level,  varying  with  the  gauge  ejqjloyed,  and  are  less  than 
3  per  cent  fer  the  panoaks  and  pencil  gauges.  At  the  28.8  lb/in2  peak 
pressure  level,  the  indicated  range  1  s  fr  v«i  4  tc  24  per  cent,  being 
about  4  per  cent  for  the  pencil  gauge. 

In  Table  TV,  a  comparison  is  made  between  the  calculated  "flow 
effect  errors^"  and  the  baffle  diameter  to  thickness  ratios  of  the 
respective  gauges. 


Table  IV 


Flow  Effeot  Errors  as  a  Function  of  Baffle  Dimensions 


Type 

Diameter 

of 

to 

Gauge 

Thickness 

Pencil 

20*1* 

Panotke 

10:1 

BRL 

3:1 

* Length  to  thickness 


Calculated  Calculated 


Errors 

13.8  lb/in 

Errors  , 
28.8  lb/in 

1.& 

4.2* 

2.6 % 

8.4* 

l.Zji 

23.8* 

This  table  indicates  that  the  baffle  diameter  to  thickness  ratio 
should  range  between  10:1  and  20:1  if  the  "flow  effect  errors"  are  to 
be  held  to  low  values. 

The  data  presented  in  this  report  represents  Phase  I  of  an  air- 
blast  gauge  "flow  effeot"  program.  Larger  charges  will  be  employed 
in  Phase  II,  and  the  gauges  tested  will  be  subjected  to  peak  pressures 
ranging  up  tc  300  lb/in**'.  These  tests  are  now  under  way. 
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